I commence this work with a comprehensive outline of a recent no-go quantum informational theorem and discuss its implications for Stapp's quantum mind model. Then I provide results from Monte Carlo simulations illustrating both quantum Zeno effect in the absence of environmental decoherence and the breakdown of quantum Zeno effect in the presence of environmental decoherence. Next, I answer various issues raised by Stapp in his reply to an earlier work of mine.
Introduction 1
Classical physics appears to be hopelessly inadequate to address the mind-brain problem because consciousness does not appear explicitly in the physical laws and mathematical equations that describe the behavior of physical systems. Although the same objection may be put forward for quantum physics as well, there is enough room left for interpretation of the quantum mechanical formalism in a way that involves consciousness as a fundamental feature of reality (Beck and Eccles, 1992; Eccles, 1986; 1996; Georgiev, 2013; Georgiev and Glazebrook, 2014; Georgiev et al., 2007) . Construction of a plausible quantum theory of consciousness, however, is not an easy task. Firstly, one needs to be able to define explicitly what in the theory the 'mind' is and what the 'brain' is (Georgiev, 2015) .
Secondly, one needs to provide a precise mathematical description of the mind-brain interaction. Thirdly, one needs to pinpoint the biological substrate in which the proposed mindbrain interaction occurs. Fourthly, one needs to show that the model is indeed 'quantum', and does not violate the mathematical formalism (axioms) of quantum theory.
Stapp's model of mind-brain interaction has been put forward and widely promoted as a plausible quantum theory of consciousness (Stapp, 2001; 2011) . Even more importantly, Stapp claimed that whereas other quantum mind approaches are vulnerable to the detrimental effects of environmental decoherence, his own approach based on quantum Zeno effect does not have that vulnerability. Indeed, a central theme in Stapp' s work is the putative efficiency of quantum Zeno effect that can be achieved by the mind despite the detrimental effects of environmental decoherence upon the quantum brain dynamics (Stapp, 2000; . In Stapp's words: "The quantum Zeno effect is itself a decoherence effect, and it is not diminished by environmental decoherence" (Stapp, 2007) .
Undoubtedly, for those fascinated by the problem of consciousness, Stapp's claim would be appealing. For example, one could reason tentatively as follows: if the mathematics of quantum Zeno effect allows to combat environmental decoherence, then one could select a favorite model of quantum computer (based on Josephson junctions, superconducting quantum interference devices, nuclear magnetic resonance, etc.) and implement it in a favorite biological nanostructure (microtubule, ion channel, enzyme, phospholipid membrane, etc.) with a simple 'tweak' that adds the quantum Zeno effect as a protection mechanism against environmental decoherence. Thus, one can be motivated to study the mathematical theory of quantum Zeno effect for its own sake, disregarding the rest of Stapp's interpretational philosophy/metaphysics.
The content of this work is organized as follows: in Section 2, I will first discuss a recent quantum informational no-go theorem showing that quantum Zeno effect is not only diminished, but it is completely destroyed by environmental decoherence.
Then, I will provide a comprehensible outline of the main ingredients of the theorem and will illustrate its consequences using Monte Carlo simulations. Next, in Section 3, I will expose an error in a recent calculation done by Stapp, who confused quantum oscillations in quantum Zeno effect with classical oscillatory dynamics observed in brain local field potential recordings (Stapp, 2014) . At the end, in Section 4 I will reply to Stapp's comments (Stapp, 2012) on my previous work (Georgiev, 2012a) .
2. Environmental decoherence destroys the quantum Zeno effect 2.1. A general no-go theorem for arbitrary dimensional quantum system Previously, I have proven a theorem according to which local projection operators cannot decrease the quantum entropy of a 'coarse-grained' twolevel quantum brain (Georgiev, 2012a) . At that time, I thought that Stapp would readily recognize the importance of the two-level theorem because Stapp himself has been using a binary division of the brain Hilbert space into 'Yes' and 'No' subspaces (Schwartz et al., 2005; Stapp 2001; 2011) . From a mathematical viewpoint, the 'coarse-graining' procedure is fully legitimate and represents 'removal of unnecessary details' (Georgiev, 2012b) . For example, suppose that the brain space of states is 10-dimensional and the brain can be in one of 10 'fine-grained' states labeled: A, B, C, D, E, F, G, H, I, J. Next, let only 3 of the states, A, B and C, lead to 'raising of your right hand', whereas the remaining 7 states from D to J do not lead to any hand motion. If in such a scenario one is interested only in the answer of the question "Will you raise your right hand?", it will be simpler to consider only a 2-dimensional 'coarsegrained' brain space of states where the two possible brain states are labeled: 'Yes' and 'No'. The 'Yes' state will be composed of the 3 states A, B and C, whereas the 'No' state will be composed of the 7 states from D to J. Knowing that the brain state is either in the 'Yes' or in the 'No' 'coarsegrained' state, provides complete information whether you will raise your hand or not. The extra information needed to locate the brain in one of the 10 'fine-grained' states from A to J, is 'irrelevant' in regard to your hand motion and can be omitted. In quantum mechanics, one would usually denote the 'fine-grained' brain states using ket vectors |A>, |B>, |C>, …, |J> in Hilbert space. It would be also natural to write the 'coarse-grained' brain states as ket vectors |Yes> and |No> in a 'coarse-grained' Hilbert space, clarifying in the text that these correspond to 'subspaces' of the 'fine-grained' Hilbert space of the system. Stapp himself does not use 'coarsegrained' notation of |Yes> and |No> brain states, but prefers to use projection operators P and (I-P) that act on the 'fine-grained' Hilbert space. Possibly, due to lack of confidence in such a coarse-graining technique, Stapp (Stapp, 2012) To directly answer Stapp's criticism, I have recently proven a general version of a quantum informational theorem according to which action with a complete set of local projection operators upon any quantum system Q with an arbitrary dimensional Hilbert space cannot decrease the quantum von Neumann entropy S of that quantum system; see Theorem 4 in Georgiev (2015) . The importance of the latter theorem could be appreciated if one considers the fact that environmental decoherence always increases the von Neumann entropy of the system Q undergoing decoherence: ΔSE>0 (ΔSE is the change of the entropy of the system Q due to the interaction with the environment; for ΔSE=0 one considers that there is no decoherence). By definition, the quantum Zeno effect upon a quantum system Q is effective if the state of the system Q after some time remains very close to its initial state, hence the total change of the von Neumann entropy of the system Q is zero: ΔS=0 (if one allows small inefficiency of the quantum Zeno effect, then ΔS≈0 can be used). If the quantum system Q does not undergo environmental decoherence, then there exists a scheme of repeated local projections that will keep the system Q near its initial state, ΔSP=0 (ΔSP is the change of the entropy of the system Q due to the projections) and the quantum Zeno effect will be effective: ΔS=0. However, if the quantum system Q also undergoes environmental decoherence, there will be a positive change in the entropy of the system Q due to the interaction with the environment: ΔSE>0. Since for effective quantum Zeno effect one requires ΔS=0 as an end result, it follows that the scheme of repeated local projections (envisioned by Stapp) needs to have negative contribution to the change in the quantum von Neumann entropy: ΔSP<0. Only by summing a positive entropy change contribution from the environment, ΔSE>0, with a negative entropy change contribution from the local projections, ΔSP<0, one can get a zero total entropy change ΔS=ΔSE+ΔSP=0. However, local projections cannot lead to negative change in entropy according to Theorem 4 in Georgiev (2015) , therefore Stapp's central claim should be false.
Quantum von Neumann entropy and probability
The quantum von Neumann entropy S and the probability of the quantum system Q to be in a given state |Qi>, are intimately connected.
In quantum mechanics, there are two ways for representing the quantum state of a system Q: using a ket vector |Q> or using a density matrix ρ.
For a quantum system Q, which is with absolute certainty p=1 in the state |Q>, the quantum state |Q> is called pure state, and the density matrix of the system Q is written as ρ=|Q><Q|. If the Hilbert space of the quantum system Q is n-dimensional, one can choose a representation basis composed of n vectors |Q1>, |Q2>, …, |Qn>, such that the state of the system |Q> is identical with |Q1>. In that representation basis, the state of the system Q is given by a ket column vector |Q> with n rows:
The bra vector <Q| is the complex conjugate transpose of |Q>. Thus <Q| is a row vector with n columns:
The density matrix ρ=|Q><Q| is obtained by matrix multiplication of the ket and bra vectors:
The von Neumann entropy S(ρ) of the quantum state is calculated from the eigenvalues λi of the density matrix ρ as:
Because every density matrix ρ is a Hermitian matrix, it can always be written in a diagonal form if the set of matrix eigenvectors is chosen as a representation basis. In that diagonal form all off-diagonal terms in the matrix will be zeros, and all eigenvalues λi of the density matrix will be exhibited on the main diagonal. The sum of all entries on the main diagonal is called the trace of the matrix and for every density matrix it is always Tr(ρ) = 1. The procedure for diagonalization of the density matrix under change of representation basis is called spectral decomposition, or eigendecomposition, of the matrix.
Pure states such as ρ=|Q><Q| always have a single eigenvalue of 1, and n-1 eigenvalues that are zeros. Because the expression -λ ln(λ) vanishes for λ=0 and λ=1 (Figure 1 ), pure states are characterized with zero quantum von Neumann entropy. The zero entropy reflects the fact that we are absolutely certain in which quantum state the system Q is; in the above example there is a 100% chance (probability p=1) that the system is in the state |Q1>. Suppose now that we are uncertain in which quantum state a quantum system Q is, but we definitely know that there is a 20% chance for the system to be in state |Q1> and 80% chance to be in state |Q2>. Such a system Q is said to be in a 'mixed state' and may not have a 'definite' ket vector. The best possible description of such a situation is with the use of a mixed density matrix. In general, we could construct the mixed density matrix of the system Q as a weighted average with probabilities p1, p2, …, pk of the density matrices of the (not necessarily orthogonal) states |Q1>,|Q2>, …, |Qk>, as follows (Svensson, 2013) :
Necessarily, the total sum Σ of all individual probabilities pi should be equal to one:
For the system that probabilistically can be in one of only two possible orthogonal quantum states |Q1> or |Q2>, we get:
Because the quantum states |Q1> and |Q2> are orthogonal, the probabilities p1 and p2 are eigenvalues of the density matrix. The quantum von Neumann entropy of the latter mixed state is S(ρ) = -0.2 ln(0.2) -0.8 ln(0.8) ≈ 0.5.
At this point, a couple of important observations can be made. First, the larger the number of possible orthogonal states |Qi> in which a quantum system Q is in with given nonzero probabilities pi, the larger the quantum entropy is. Typically, the indeterministic evolution of the quantum state in a stochastic collapse model of quantum mechanics, leads to a loss of knowledge in which particular state the quantum system will evolve to, and hence to an increase in the quantum entropy. The 'loss of knowledge' occurs because we cannot predict in advance the state of the system with absolute 100% certainty. Of course, we can predict the probabilities for various outcomes, but this is a situation in which we lack certain knowledge and as a result the entropy will be non-zero. Second, the larger the number n of dimensions of the quantum state space is, the larger the maximal possible von Neumann entropy is: Smax = ln(n).
At this point, we can link conceptually the preceding discussion of quantum entropy with quantum Zeno effect and Stapp's model. First, achieving quantum Zeno effect by definition requires that we start from a quantum system that is with a very high probability in a certain initial quantum state, and then after some time we are also confident that to a very high probability the system has remained in the initial state. Qualitatively, the quantum Zeno effect is a process in which we start from a low quantum entropy state and end up again with a low quantum entropy state. This is a manifestation of the fact that the quantum system does not decay if the quantum Zeno effect is achieved. Second, if we apply a scheme with local projections attempting to achieve quantum Zeno effect, and we calculate that the quantum entropy of the system has hugely increased, this is an indication that the quantum Zeno effect has a vanishing chance to be accomplished. The high quantum entropy means that the quantum system has decayed and it is with very small probability in eISSN 1303-5150 www.neuroquantology.com 183 many orthogonal quantum states including very small probability for the initial state of the system.
Monte Carlo simulations of quantum Zeno effect in the absence and in the presence of environmental decoherence
In order to illustrate the detrimental effect of decoherence upon a putative attempt to achieve quantum Zeno effect, recently I have performed Monte Carlo simulations of a 3-level quantum system (Georgiev, 2015) . The detailed algorithm used has been also published, and one can easily perform analogous simulations for any n-level quantum system provided time and computational power are available; see the Appendix in Georgiev (2015) .
First, I have simulated the quantum coherent tunneling of a brain state in a triple well potential (Figure 2 ). Quantum coherent tunneling of the brain state, forth-and-back between the wells A, B and C, is the result of temporal evolution as prescribed by the Schrödinger equation. Coherent quantum tunneling can occur only if the temporal evolution of the brain state is not observed by an external observer, or in other words if the brain state is 'unperturbed'. The fact that the evolution of the brain state cannot be observed implies that such a quantum oscillation forth-and-back will occur if the quantum system is isolated and does not interact with the rest of the world. The quantum oscillation can be theoretically calculated, but cannot be recorded with a measurement device -the importance of this will be brought again in Section 3. Notably, the quantum coherent temporal evolution according to the Schrödinger equation does not lead to any change in the quantum entropy: ΔS = 0. This is because we can calculate with 100% certainty the quantum state of the system at any time. For example, at times t = (2k+1)π/ћ, the brain state is always fully localized in well C. Yes, the brain state has 'decayed' from its initial state in well A, but we know exactly in which state the system is at time t, and as a result: ΔS = 0. Thus, the no-go Theorem 4 proven in Georgiev (2015) is much more constraining than showing a simple decay: if ΔS > 0 the system not only decays, but it decays randomly (stochastically) and we do not know in which state the system has decayed to. In other words, if ΔS > 0 there is no way to calculate in advance what will certainly happen, we can only wait and see what happens. Quantum tunneling of the brain state in a triple well potential simulated for a period of time t = 3π/ћ. If unperturbed, the quantum system tunnels coherently forthand-back from well A to wells B and C and returns periodically to its initial state. The probability |ψ| 2 is normalized so that ∫ |ψ| 2 dx = 1. Modified from (Georgiev, 2015) .
Next, using a Monte Carlo method with occurrence of wavefunction collapses I have simulated the achievement of quantum Zeno effect in the absence of environmental decoherence (Figure 3a) . The repeated local projections by the mind were applied separated by a finite non-zero time interval ξ > 0. Here, the importance of the no-go Theorem 4 in Georgiev (2015) is manifested again, since for ξ > 0, necessarily ΔS > 0. In other words, necessarily after some time tB > ξ, the quantum Zeno effect will break down and we will no longer know in which state the brain has decayed into, at best we can make a bet with probability p < ½, that the brain state is in the initial state. An important caveat is needed -it is true that the no-go Theorem 4 in Georgiev (2015) implies that any realistic quantum Zeno effect will eventually break down at time tB, however, by selecting small interval ξ between local projections, one can make the breakdown time sufficiently long (say milliseconds or seconds) for important biological effects to occur. In Figure 3b , the breakdown time of the quantum Zeno effect in the Monte Carlo simulation with the particular ξ = π/8ћ has been estimated from a statistical average of multiple Monte Carlo trials, as the time at which the probability for the brain state not to be in well A becomes at least equal to ½. In summary, successful achievement of quantum Zeno effect implies that we can know in advance with a pretty high probability p > ½ that at a future time the decay will not occur and the system will still be in its initial state. Red arrow indicates the time point at which the quantum Zeno effect breaks down -the probability for the brain state not to be in well A is at least ½. Modified from (Georgiev, 2015) .
Finally, I have simulated the breakdown of quantum Zeno effect in the presence of environmental decoherence. The action of the environment (that is thermal radiation and other external electromagnetic noise) upon the brain has been modeled using projective measurements in the so-called 'pointer basis' in which brain decoherence normally occurs. These projective measurements in the pointer basis were interspersed at regular intervals τ in between the projective measurements performed by the mind. Whereas, in the absence of environmental decoherence one can modify the breakdown time tB by adjusting the parameter ξ to be very small, in the presence of environmental decoherence even setting the minimal possible value ξ → 0 does not help. The decoherence time τ becomes the dominating timescale, and the quantum Zeno effect breaks down in a time tB that is very close to τ. Increasing the time until breakdown seems to be possible only by manipulating the basis in which the environmental decoherence occurs. However, as already discussed in detail in Georgiev (2012a) direct mind manipulation of the environment would imply the existence of paranormal Psi effects. Since I regard paranormal Psi research as 'pseudoscience', I aim at only showing that either Stapp's model violates quantum information theory, or else, it implies paranormal Psi effects. Monte Carlo trials reproduces the probabilities contained in the unconditional density matrix of the system. Red arrow indicates the time point at which the quantum Zeno effect breaks down -the probability for the brain state not to be in well A is at least ½. Modified from (Georgiev, 2015) .
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On Stapp's recent estimate of the frequency of local brain projections needed to achieve quantum Zeno effect in the brain
In the preceding sections, I have explained how and why Stapp's model breaks down in the presence of environmental decoherence. Here, I will comment on Stapp's recent erroneous calculation of the frequency of local projections needed by the mind in order to achieve quantum Zeno effect upon the brain (Stapp, 2014) . Because I have already shown that quantum Zeno effect breaks down in the presence of environmental decoherence, I will assume that Stapp is trying to estimate the frequency 1/ξ, or equivalently the length of the time interval ξ between two successive local projections, in an ideal case without environmental decoherence. To achieve that, Stapp needs to know the angular frequency of the quantum oscillation, which depends on the energy of the quantum oscillator:
This angular frequency ω will determine the rate of the quantum oscillation of the complex wavefunction in time:
Even for a very light massive particle such as an electron with a rest mass m ≈ 0.511 MeV/c 2 one obtains angular frequency ω ≈ 7.8 × 10 20 rad/s that corresponds to frequency f = ω/2π ≈ 1.2 × 10 20 Hz. Heavier massive particles will exhibit even higher angular frequencies. This elementary calculation shows that for the real brain quantum Zeno probing actions need to be repeated with time interval ξ < 10 -20 s. Surprisingly, Stapp calculated that the probing actions in the brain need to occur only once each millisecond, that is ξ = 10 -3 s (Stapp, 2014) . He justified this estimate with local field potential recordings in the brain (Rubino et al., 2006 ) that showed 'significant structure' at 20 Hz (Stapp, 2014) . The whole approach used by Stapp is best characterized as a physical nonsense for the following reason: the quantum oscillation of the brain state via quantum coherent tunneling as shown in Figure 2 , is not 'observable' and cannot be recorded by attaching a recording device that performs repeated measurement in the position basis. If such a recording device is attached, and environmental decoherence is somehow shielded, then immediately the coherent forthand-back tunneling will be suppressed and one will record a Monte Carlo result that exhibits the features of quantum Zeno effect as shown in Figure 3a . Such a complementary behavior of quantum systems, one behavior when you do not look at the system, and another behavior when you look at the system, is well known feature of quantum mechanics and includes the appearance or loss of interference pattern in a double-slit experiment; creation and annihilation of virtual particles in quantum field theory; and so on (Susskind, 2009; . In contrast, local field potential recordings in the brain are purely classical oscillations and behave exactly the same way when you look at them and when you do not look. Classical waves are not subject to quantum phenomena and in particular do not 'freeze' in a form of quantum Zeno effect when someone looks at them. Even if classical waves are produced by underlying dynamics of a collection of quantum oscillators, the frequency of the classical waves says nothing about the frequency of the quantum oscillations (see also Susskind and Hrabovsky, 2013; Susskind and Friedman, 2014) .
Remarks on Stapp's reply to my previous work
In this last section, I will answer to various issues raised by Stapp in his reply (Stapp, 2012) to my previous work (Georgiev, 2012a) . Most of these issues are of limited importance, and do not concern the implications of my no-go theorem on the feasibility of Stapp's quantum Zeno model in the presence of environmental decoherence.
Minds in von Neumann's formulation
In the abstract of his reply, Stapp disagrees with my statement that "in von Neumann's formulation there are no such things as minds, spirits, ghosts, or souls" and affirms that "von Neumann's formulation certainly does involve minds" (Stapp, 2012) . Here, I will elaborate on my opening statement in the Introduction, namely that the construction of a plausible quantum theory of consciousness, requires in the first place an explicit definition of what in the theory the 'mind' is and what the 'brain' is. The brain state is easily defined with a portion of the molecular content enclosed by the skull. Explicit definition of the mind, however is not that easy.
For many physicists, the mind state is just a certain, possibly very complex, functional brain state. Thus, even though a physicist may refer to the 'mind', and even write 'mind states' such as 'happy' |> or 'sad' |>, the context in which such expressions should be understood is just shorthand notations for very complex brain states. Typically, discussion of mind states occurs when 'flashes of light' or 'detector clicks' are to be perceived by an experimenter. In order to make physical sense of such statements, one can replace the mind states with brain states that are comprised of different neuronal firings. This is in essence a mind-brain identity theory: the mind is the brain.
For a small number of physicists including Stapp, however, the mind is not the brain (Stapp, 2010) . This is most evident in the mathematical description provided by Stapp: the mind acts using projection operators P; whereas the brain has a density matrix ρ that is operated on. At this point the problem with 'ghostly minds' floating around becomes relevant. There is not just a single mind and a single brain in the Universe. There are multiple minds, for example one mind for each reader of this article, and there are as many brains. Thus the question that arises is: What prevents Stapp's mind to act upon someone else's brain with projection operators? In standard quantum physics the above problem does not arise because only physically real devices that have their own density matrix are able to interact. Projection operators appear effectively due to tracing out parts of entangled systems using partial trace operations. For example, an electron with density matrix ρ1(0) interacts with a measuring device with density matrix ρ2(0) at time t=0. At time t after the interaction, the system composed of the electron and the measuring device evolves into a quantum entangled state. Tracing out the measuring device from the composite system produces time evolved electron density matrix ρ1(t), which may appear to be produced from ρ1(0) by the action of some projection operator P2. In this sense, it can be said that the measuring device acts with projection operator P2 onto the density matrix of the electron. Conversely, if one traces out the electron from the composite system, it will appear that the electron acted with projection operator P1 onto the density matrix of the measuring device. Thus, in standard quantum mechanics projection operators can be assigned to physical systems that have their own density matrix. Exactly because each physical system has its own density matrix it becomes clear which system acts with projection operators and upon which other system it acts. As a consequence of the mathematical nature of the partial trace operation, if a system A is not entangled with system B, then system A cannot act with any operator (except the identity operator I that signifies no action) on system B. (von Neumann, 1955) . Indeed, von Neumann uses the term 'abstract ego' in the same sense in which one could say 'conscious experience'. The context of that usage is to highlight the fact that seemingly after the results from an observation are 'experienced' by a conscious observer only a single outcome is 'experienced' as being realized rather than a superposition of mutually different outcomes. I was not able to find a direct statement in von Neumann's textbook that suggests the 'abstract ego' can act with projection operators onto the brain density matrix. Even if Stapp is able to help finding such a passage in von Neumann's work, this would only mean that now both Stapp and von (Georgiev, 2012a; 2015) Stapp then argues that both statements can be true. Due to the importance of this topic, I have already dedicated a whole Section 2.1 to discuss why the scheme of local projections needs to be able to reverse the effects of environmental decoherence in order to achieve quantum Zeno effect, and I have provided in Section 2.3 evidence from performed Monte Carlo simulations, showing that quantum Zeno effect does not work in the presence of environmental decoherence contrary to Stapp's claim that it works.
Wavefunction collapses, Born rule and paranormal Psi effects
Stapp's own exposition of his model appears to be inherently inconsistent, and as a result hard to be followed by interested readers. Usually, Stapp assigns Process 2 to the brain (that is the Schrödinger evolution of the brain density matrix ρ); assigns Process 1 to the mind (that is the mind action with local projection operators upon the density matrix of the brain); and assigns Process 3 to the Nature (that is the actual collapse of the brain density matrix to a particular pure state). In his reply to my work, however, Stapp seems to suggest that the outcome of Process 3 is assigned to the mind, not to the Nature: "The action of the environment reduces the nonzero part of the brain density matrix essentially to the long strip along the diagonal, whereas the action of the mind picks out some particular tiny portion of that strip" (Stapp, 2012 ).
In the above quotation, 'picking out some particular tiny portion of the strip' can only be modeled using Process 3, not Process 1. I have already stressed in my previous work (Georgiev, 2012a) that if the Process 3 is assigned to the mind, and the mind is able to select the outcome of the collapse in violation with the Born rule, then the mind can achieve anything including paranormal Psi effects. For that reason, Stapp is not right to complain that I "keep bringing up alleged paranormal Psi effects […] they are completely irrelevant to the present theoretical discussion, and ought never be mentioned at all, much less be continually referred to" (Stapp, 2012) .
I would not have brought up the paranormal Psi effects if Stapp had explained clearly whether the collapse of the wavefunction, Process 3, is attributed to the Nature and occurs according to the Born rule, or it is attributed to the mind. If not the Nature, but the mind "picks out" the collapsed brain state as it likes in violation of the Born rule, then I see no reason not to call the outcome a paranormal Psi effect. Actually, there is not one but there are two problematic places where concerns of Psi effects could arise in Stapp's work: (1) mind selection of the outcome of a collapse event in violation of the Born rule, and (2) mind action with projection operators onto the Hilbert space of the environment. Thus, instead of complaining, Stapp should write his works in an unambiguous manner that does not suggest endorsement of possibilities (1) and (2), and should provide an explanation how exactly these possibilities are avoided in his model.
Diagonal brain density matrices with maximal von Neumann entropy as a starting point for quantum Zeno effect
My last remark will be on Stapp' (Stapp, 2012) .
By its definition, quantum Zeno effect requires that a quantum system starts with a high probability in a given initial state, and it is found eISSN 1303-5150 www.neuroquantology.com to be in the initial state at a later time, again with a very high probability. Stapp's description of an initial density matrix that is in near-diagonal form, and Stapp's own illustrations of that initial density matrix, however, show that Stapp's initial state is close to the state with maximal von Neumann entropy, namely: 
Achieving quantum Zeno effect upon such a density matrix with maximum von Neumann entropy is meaningless. For ρmax with Hilbert space that has a large number of dimensions n, the probability for the system to be in any initial state is 1/n, which is a very small number approaching zero. Therefore, there is no sense in which the system is in an initial state from which it is prevented from 'decay'. Importantly, one can project with any sequence of local projection operators upon this state with maximal entropy, ρmax, and the state at any later time will still be ρmax. I have already stressed multiple times that no matter whether you do anything locally to ρmax and no matter what you do locally to ρmax, (Georgiev, 2012a; 2015) , ρmax will remain ρmax. For initial ρmax anything goes, and therefore paradoxically every possible action would be quantum Zeno effect.
Summary
In this work, I have presented in a comprehensible manner the implications of a recent no-go quantum informational theorem published in Georgiev (2015) . I have made efforts to explain the link between the quantum von Neumann entropy of a density matrix and the probability for the quantum system to be in a given quantum state, in order to help the readers appreciate the importance of that particular nogo theorem for the future study of quantum mind theories. Next, using Monte Carlo simulations of a simple 3-level quantum system, I have also illustrated the occurrence of quantum Zeno effect in the absence of environmental decoherence (Figure 3 ) and the breakdown of quantum Zeno effect in the presence of environmental decoherence (Figure 4 ). In addition, I have provided answers to various issues raised by Stapp in his previous reply (Stapp, 2012) to my work (Georgiev, 2012a) , and I have highlighted the troublesome questions whose consideration Stapp altogether avoided.
